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INTRODUCTION

Comparative studies of chemical-vapor-deposite
single-crystal and polycrystalline diamond thin-film
electrodes, grown by the hot-filament techniques, as w
as amorphous diamond-like carbon electrodes, revea
some aspects of the role of crystal structure in th
electrochemical behavior of diamond [1]. In particular, th
electrode behavior of polycrystalline diamond films i
mainly determined by the diamond crystallites, rather tha
is contributed to by the intercrystallite boundaries [2]. Th
high-temperature-high-pressure single crystals we
resemble the CVD thin films in their electrochemica
properties [3].

In this work electrochemical properties of
individual crystal faces of the HTHP diamond single
crystals were studied. The acceptor concentration w
determined by differential capacitance measurements; 
electrochemical activity of the faces, by taking cyclic
voltammograms in the Fe(CN)6

3-/4- system.

EXPERIMENTAL

The boron-doped diamond single crystals wer
grown from a boron-containing  Ni—Fe—C melt. The
growth was performed, using a seed, by the temperat
gradient techniques (see [4, 5] for details). The bat
contained 0.01 or 0.1 wt. % of boron, which resulted 
fabricating moderately or heavily doped crystals.

The crystals are cubo-octahedrons whose bas
plane is a (111) growth face. The opposite face w
ground and polished. The samples’ lateral faces make
combination of cube (100) and octahedron (111) facets
lesser size, as well as the rhombododecahedron (110) 
tetragontrioctahedron (211) faces. Ohmic contacts to t
rear side of the crystals were made using silver epoxy. T
octahedron, cube, and tetragontrioctahedron faces w
consecutively exposed to the electrolyte, the rest of t
crystals’ surface being insulated by high-purity paraffin.

The potentiodynamic curves for 0.01 M
Fe(CN)6

3- reduction or Fe(CN)6
4- oxidation were taken,

with a linear potential scanning, using a PI-50-
potentiostat. The differential capacitance was measur
over the 20 Hz to 200 kHz frequency range using 
Solartron spectra analyzer (model 1250) or an R-5021 
bridge.

RESULTS AND DISCUSSION

The impedance spectra showed a specific type 
frequency dependence of the differential capacitanc
represented by a constant-phase element (CPE) in 
electrodes’ equivalent circuit. Typical Mott—Schottky
plots (that is, the reciprocal of capacitance C squared 
potential E dependences) are shown in Figure for tw
principal faces of a heavily doped crystal. From the slo
of the lines, the uncompensated acceptor concentration
the growth sectors associated with the crystal faces w
calculated. For the sample under discussion, they are
1019 and 1.2 1019 cm-3 for the (100) and (111) faces,
respectively.

Mott—Schottky plots for the (100) and (111)
crystal faces

We see that the (100) face turned to be mo
heavily doped than the (111) face; this is true for bo
heavily doped and moderately doped crystals. Surfa
polishing did not affect significantly the measure
capacitance: no difference was found between the ba
(growth) and the rear (polished) (111) faces. The (21
face appeared to be rather lightly doped, so we failed
measuring its impedance characteristics. For any face, 
acceptor concentration grows with increasing boro
concentration in the source melt.

The degree of reversibility of the electrochemica
reaction was qualitatively judged by the potentia
difference for the anodic and cathodic current peaks �Ep

on cyclic voltammograms in the Fe(CN)6
3-/4- system..

Kinetic characteristics (transfer coefficients and ra
constants) were determined for the individual crystal fac
from the dependence of current peak potentials on t
potential-scan rate. The (111) face appeared to be m
“electrochemically active”; on the (211) face, the reactio
was blocked.

ACKNOWLEDGMENT

This work was supported by the Civilian Research
and Development Foundation, grant no. RC1-2053.

REFERENCES

1. Yu.V. Pleskov, Russ. Chem. Rev., 68, 381 (1999).
2. Yu.V. Pleskov, Yu.E. Evstefeeva, M.D. Krotova, J
Electroanal. Chem., 455, 139 (1998).
3. Yu.V. Pleskov, Yu.E. Evstefeeva, M.D. Krotova, et al
Electrochim. Acta, 44, 3361 (1999).
4. Yu.N. Palyanov, I.Yu. Malinovskii, Yu.M. Borzdov, et
al., Doklady Akad. Nauk SSSR, 315, 1221 (1990).
5. V.P. Butuzov, V.A. Laptev, V.A. Presnov, et al.
Doklady Akad. Nauk SSSR, 226, 328 (1976).


